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Filtration of excysted oocysts to purify sporozoites. 116
Following excystation of oocysts, the suspension was re-eluted in 5 mL of 117 maintenance media and incubated at 37°C in a water bath for at least two hours to allow 118 the full release of sporozoites from the oocysts. This suspension was then filtered through 119 a syringe filter unit (Pall Scientific, New York, U.S.A.) containing a 2 µm Isopore™ 120 membrane filter (Millipore, Massachusetts, U.S.A), to remove all oocyst shells and un-121 excysted oocysts, leaving a pure suspension of sporozoites. Following filtration, samples 122 were checked by microscopy to ensure that they were oocyst-free and sporozoites were 123 enumerated using a haemocytometer. As a control, intact but heat inactivated purified 124 sporozoites (incubated at 70°C for 30 min.) were also cultivated and stained as described 125 below. 126 127
Cell free cultivation. 128
Each well on a 48 well culture plate (Greiner Bio-One, CELLSTAR), contained 1.5 mL 129 of cell free maintenance media (RPMI-1640) containing 0.03 g l-glutamine, 0.3 g sodium 130 bicarbonate, 0.02 g bovine bile, 0.l g glucose, 25 µg folic acid, 100 µg 4-aminobenzoic 131 acid, 50 µg calcium pantothenate, 875 µg ascorbic acid, 1% fetal calf serum (Invitrogen), 132 0.36 g HEPES buffer, 10,000 U penicillin G and 0.0l g streptomycin per 100ml, adjusted 133 to pH 7.4 as previously described by Hijjawi et al., (2004) . Wells were inoculated with a 134 10 µl suspension of excysted C. hominis oocysts or purified sporozoites (~1 x 135 A c c e p t e d M a n u s c r i p t 8 initial publication by Hijjawi et al., (2004) was not included in the present study, as it did 139 not increase parasite DNA by qPCR. Cultures were incubated at 37°C, 5% CO 2 for 9 140 days and were inspected daily under an inverted light microscope (Olympus IMT-2) at 141 magnifications ranging from 100X -400X to check for the presence of life cycle stages. 142 143
Preparation of parasites for staining and qPCR 144
Samples were removed after 24 hrs, 48 hours, 3 days, 5 days, 7 days and 9 days post 145 inoculation for staining and qPCR analysis. For all staining methods and for qPCR, each 146 48 well culture plate was trypsinised for 20 minutes to lift any parasites that were stuck to 147 the plates and then the contents of 4 wells were removed, pooled and centrifuged at 2,000 148
x g for 8 minutes to concentrate parasites. The supernatant was removed down to 149 approximately 200 µl and the pellet resuspended and placed into a 1.5 ml centrifuge tube. 150 151
Sporo-Glo
TM staining 152 A working stock solution of 1x Sporo-Glo TM (Waterborne, New Orleans, USA) 153 antibody reagent was prepared following manufacturer's instructions and 50 µl of this 154 preparation was added to the C. hominis sample followed by 45 minute incubation at 37 155 °C. Following incubation, PBS was added to make the volume up to 1.5 ml, the tubes 156 were centrifuged at 2,000 x g for 8 minutes and the supernatant removed. Samples were 157 washed again in 1 x PBS and the supernatant was removed and the pellet resuspended inA c c e p t e d M a n u s c r i p t 9
Crypto Cel staining. 161
Crypto Cel (Cellabs, Sydney, Australia) antibody reagent (25µl) was added to a 162 tube containing C. hominis parasites (see section 2.5), mixed and incubated at 37°C for 163 30 min. The volume was then made up to 1.5 ml using 1 x PBS. Tubes were centrifuged 164 at 2,000 x g for 8 min. and the supernatant removed. The pellet was washed again in 1 x 165 PBS and re-suspended in 50 µl 1 x PBS for examination by microscopy. 166 167
Fluorescent in situ hybridisation (FISH) 168
A previously published Cryptosporidium-specific oligonucleotide probe directed 169 against 18S rRNA and fluorescently labeled with Cy3 was utilised in this study; Cry1 (5'-170 CGG TTA TCC ATG TAA GTA AAG-3') (Vesey et al., 1998) . A second probe, 171 conserved for all bacteria EUB338 (Amann et al., 1990 ) was used as a negative control. 172
Hybridisation was conducted as previously described and the hybridisation buffer was 173 prepared in DEPC treated water to ensure the absence of residual RNAses (Vesey et AAEE01000004 which maps to chromosome 3) as previously described (Yang et al., 197 2009). Heat-inactivated controls were analysed in the same manner. A standard curve 198 was constructed using 6 triplicates of genomic DNA extracted from known numbers of 199 oocysts and serially diluted at a 1:9 ratio, calibrated to correspond to 1-10,000 oocysts. oocysts and purified sporozoites were compared using microscopy and qPCR. The purity 212 of the sporozoite preparation was assessed to be 100% (i.e. no oocysts) as determined by 213 microscopic examination and counting of sporozoites by haemocytometer. 214 215
Life cycle stages of C. hominis in cultures inoculated with excysted oocysts 216
The rate of excystation was variable as some oocysts excysted immediately 217 Cryptosporidium hominis is an important species, which is restricted to humans 298 and in many countries is more prevalent than C. parvum (Xiao, 2009) human specific parasite and will facilitate many studies regarding its developmental 307 biology, pathogenesis and drug susceptibility. 308
The identification of all C. hominis life-cycle stages using both antibody (Sporo-309 Glo TM ) and RNA (FISH) staining methods that are specific for Cryptosporidium provides 310 further proof of the ability of Cryptosporidium to amplify and propagate in a culture 311 system devoid of host cells. In the present study, all life cycle stages of C. hominis with 312 the exception of the oocyst stage, which is not recognised by Sporo-Glo TM , reacted 313 strongly with Sporo-Glo TM and it was easy to visualise each individual stage. Sporo-314
Glo
TM was particularly useful for detecting and identifying meront I stages as they are 315 almost transparent using Nomarski interference microscopy (Figure 1i and 2d) and 316 therefore very difficult to detect in cell-free culture. TR staining although non-specific 317 was also included as it produced bright and clear details of the morphology of life cycleA c c e p t e d M a n u s c r i p t qPCR analysis revealed a 6.3-fold increase in DNA over a nine-day period for 320 cultures inoculated with excysted oocysts and a 5.9-fold increase in DNA for cultures 321 inoculated with excysted sporozoites. This is similar to a recent study, which reported an 322 estimated 5.6-fold increase in C. parvum DNA concentration over a 5-day culture period 323 (Zhang et al., 2009 ). Both microscopy and qPCR analysis indicated that cultures 324 inoculated with purified sporozoites lagged behind those inoculated with excysted 325 oocysts. The reason for this is unclear. It may be due to the fact that sporozoites are much 326 less robust than oocysts and the stress of filtration followed by washing and 327 centrifugation, may affect their viability. When cell-free cultures are inoculated with 328 excysted oocysts, the sporozoites can escape gradually from the oocysts shells and adapt 329 quickly to the culture medium, therefore their chances for survival and initiation of their 330 life cycle would be maximised. The observations in the present study are also consistent 331 with a previous study in which it was reported that although both sodium hypochlorite-332 stimulated oocysts and purified sporozoites were able to initiate infection in BS-C-1 cell 333 lines, cultures inoculated with purified sporozoites were less efficient (Deng and Cliver, 334 1998). 335
In the present study, several unusual developmental pathways, some of which Cryptosporidium specific polyclonal antibody Sporo-Glo™, the Cry1 FISH probe which 359 is specific for Cryptosporidium and the fact that the negative control bacterial FISH probe 360 (EUB338) did not bind to any of the life cycle stages in the present study provides strong 361 evidence that the stages observed are in fact Cryptosporidium life-cycle stages and not 362 contaminants. In addition, amplification of DNA detected via a highly specific qPCR and 363 the lack of DNA amplification or the presence of life cycle stages in heat-treated controls 364 also confirms that the parasite is indeed undergoing development in cell-free culture. 
